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INTRODUCTION 

Over a per iod of about 20 years ,  a number of f a c i l i t i e s  have been 
t h e  NASA Langley Research Center f o r  experimental  research 
f a c i l i t i e s  are charac te r ized  by s p e c i a l  f ea tu re s  t o  minimiz noise  due t o  
a i r  handling machinery, valves,  etc., and t o  provide s u i t a b l e  environments f o r  aero- 
acous t ic  measurements. 

The present  paper documents the  s i g n i f i c a n t  physical  c h a r a c t e r i s t i c s  and operat- 
ing  condi t ions of f a c i l i t i e s ,  devices,  and equipment t h a t  provide unique c a p a h i l i t i e s  
f o r  aeroacoust ic  research,  General layouts ,  dimensions, flow r a t e s ,  background noise  
levels, and some research appl ica t ions  are given f o r  the  q u i e t  flow f a c i l i t y  i n  t h e  
Langley Ai rc ra f t  Noise Reduction Laboratory, the  Langley Anechoic Noise F a c i l i t y ,  the  
Langley Jet-Noise Laboratory, and the  flow impedance tes t  laboratory.  

QUIET FLOW FACILITY I N  THE LANGLEY AIRCRAFT 
NOISE REDUCTION LABORATORY 

The q u i e t  flow f a c i l i t y  is  located i n  the  Langley A i r c r a f t  Noise Reduction 
Laboratory (Building 1208). It cons i s t s  of an anechoic room i n  which q u i e t  a i r f lows  
a r e  ava i l ab le  f o r  aeroacoust ic  t e s t i n g  of model components such as rotors, propel- 
lers, i n l e t s ,  discharge ducts ,  winqs, f l a p s ,  s t r u t s ,  c a v i t i e s ,  and streamlined bod- 
ies. The f a c i l i t y  is  arranged so t h a t  the  e f f e c t s  on rad ia ted  noise of the  in t e rac -  
t ions  of a i r f lows  with s o l i d  bodies and sur faces  can  be s tudied .  Special  provis ions 
are made fo r  noise  con t ro l  i n  the  low pressure,  high pressure,  and model a i r  supply 
systems. These systems a r e  described i n  the  following sec t ions  along with t h e i r  
operat ing c h a r a c t e r i s t i c s  and p o t e n t i a l  f o r  research.  

The f l o w  con t ro l s  are in te r locked  t o  prevent  both the  low pressure system and 
the  high pressure system from operat ing a t  t he  same time. The model a i r  supply sys-  
t e m  can be operated,  as required,  p a r a l l e l  with e i t h e r  of the  o ther  systems. The 
spinning mode synthes izer  provides r e a l i s t i c  turbomachinery noises  f o r  duc t  propaga- 
t i o n  and r ad ia t ion  s tud ie s  and thus is configured t o  opera te  i n  conjunction with the  
high pressure system. 

Low Pressure A i r  System 

The main components of the  l o w  pressure  a i r  system are the  fan,  the  a c o u s t i c a l l y  
t r e a t e d  d i f f u s e r ,  t he  entrance plenum, the  nozzle, t he  anechoic test area,  and the  
eductor system. These are shown schematical ly  i n  f i g u r e  1.  Each of these components 
has s p e c i a l  f e a t u r e s  t o  enhance the  aeroacoust ic  performance of the  system. 

Low pressure fan.- The fan  is  a l o w  pressure  design of the  type used i n  l a r g e  
i n d u s t r i a l  v e n t i l a t i o n  systems. It is  r a t ed  a t  40.7 m3/sec (86 240 ft3/min) a t  a 
back pressure of 20.3 c m  ( 8  in . )  of w a t e r  f o r  a power absorpt ion of 124 kW (166.2 hp) 
a t  382 rpm. A performance map of the  present  fan  during normal operat ions is  given 
i n  f i g u r e  2. The fan  is  dr iven through an oil-cooled magnetic c lu t ch  t o  provide 
ve rn ie r  con t ro l  of the  test flow condi t ions . 
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Figure 1.- Schematic of the  l o w  pressure a i r  system of the  q u i e t  f l o w  f a c i l i t y .  
I n s e t  photograph shows j e t  nozzle se t  up f o r  acous t ic  tests. 
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Figure 2.- Performance map f o r  the  250-hp fan of the  
l o w  pressure a i r  system. 
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A i r  duc t  system.- Air is discharged from the  l o w  pressure  f an  i n t o  an a i r  duc t  
system cons i s t ing  of an unlined d i f f u s e r ,  an entrance plenum, a l i ned  d i f f u s e r  with 
four  sets of acous t i c  splitters, and an e x i t  plenum. The duct  geometry and the  
acous t i ca l  l i n e r  and splitters are designed to  minimize the  noise  of the  fan a t  the  
test  area. Duct open area i s  con t ro l l ed  so t h a t  local flow v e l o c i t i e s  i n  the  region 
of the  s p l i t t e r s  are l imi ted  t o  a maximum of 6 m/sec (20 f t / s e c )  and i n  o ther  sec- 
t i o n s  of the  l i ned  duc t  t o  less than 3 m/sec (IO f t / s e c )  . Flow v e l o c i t i e s  i n  the  
e x i t  plenum near the  nozzle entrance are l imi ted  to  about 0.6 m/sec (2 f t / s e c ) .  N o t e  
t h a t  t he  flow tu rns  90° from hor i zon ta l  t o  v e r t i c a l  a f t e r  it en te r s  the  e x i t  plenum. 
Flow ve loc i ty  con t ro l  is imposed t o  l i m i t  noise  generated by aerodynamic scrubbing of 
the  exposed sur faces .  A 5-cm-thick l i n i n g  of f i b e r g l a s s  is appl ied t o  the  w a l l s  and 
c e i l i n g  of the  d i f f u s e r  and plenum regions i d e n t i f i e d  i n  f i g u r e  1. 

Anechoic t es t  area.- Figure 3 shows the  general  cons t ruc t ion  and layout  of the  
anechoic test  area. The flow is exhausted v e r t i c a l l y  out  of the  test  area through an 
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Figure 3.- Vertical s ec t ion  view of the anechoic t e s t  area of the  
q u i e t  flow f a c i l i t y .  
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eductor system i n  the  c e i l i n g  to the atmosphere. The eductor entrance is larger than 
the  wetted area of the  flow t o  allow f o r  lateral sp i l l age .  Thus, the  flow can be 
captured even when it is de f l ec t ed  sideways by the a c t i o n  of a research model such as 
a propel le r .  

The anechoic room surrounding the  test area is l ined  with wedges, 91.5 c m  (3  f t )  
deep, to  provide an e s s e n t i a l l y  echo-free environment (absorpt ion c o e f f i c i e n t  of 
0.995) f o r  acous t i c  measurements down t o  about 70 Hz. 
(14  400-ft ) room are about 6.1 m x 7.3 m x 9.2 m (20 f t  x 24 f t  X 30 f t ) .  The noz- 
z l e  cen te r l ine  is about 3 m (10 f t )  from the  n e a r e s t  w a l l  t o  a l l o w  a nominal measure- 
ment d i s tance  from the  source of about 5 m (1  6 f t )  . 

The dimensions of the  410-m3 
3 

70 

60 
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(D 

The room is constructed of re inforced concrete  with a 91.5-cm a i r  space between 
double w a l l s .  This a i r  space serves  as a plenum chamber f o r  the makeup a i r  which i s  
required t o  s t a b i l i z e  ambient pressure  during operat ion of the f r e e  jet ,  The normal 
a sp i r a t ing  a c t i o n  of the  f r e e  j e t  lowers the pressure  i n  the  test area and thus 
induces the  makeup a i r  t o  flow i n t o  the  chamber. Makeup a i r f low is suppl ied to the  
plenum from a roof vent and can be induced e i t h e r  by the  pressure  d i f f e r e n t i a l  es tab-  
l i shed  during f r e e  j e t  operat ion o r  by a forced d r a f t  fan. The makeup a i r  e n t e r s  the  
anechoic chamber through vents located between the  wedges below f l o o r  l eve l .  

- 

- 

The e n t i r e  anechoic room s t r u c t u r e  is mounted on spr ings  t o  isolate it s t r u c t u r -  
a l l y  from the  remainder of the  bui ld ing  and thus t o  minimize the  transmission of 
s t ruc tureborne  noise  a r i s i n g  from o the r  parts of the  building. 

Example background noise  spec t r a  i n  the test  a rea  with and without flow are 
shown i n  f i g u r e  4 fo r  t h e  1.21-m (4 - f t )  diameter c i r c u l a r  nozzle of the  low pressure 

Jet velocity, m/sec (ft/sec) 

18.3 (60) \ 

Center frequency, lrHz 

Figure 4.- Example ambient noise  l eve l s  i n  the anechoic test area of t he  
q u i e t  flow f a c i l i t y  with and without a i r f low.  D a t a  are f o r  t he  1.21-m 
(4 - f t )  diameter c i r c u l a r  nozzle of the low pressure  a i r  system. 
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a i r  system. Without flow, the background noise  spectrum has a low frequency peak, 
and the  l eve l s  decrease r ap id ly  a t  higher  frequencies.  With flow, the  mixing no i se  
of the  f r e e  j e t  is t h e  dominant component and causes t h e  background noise  t o  peak 
broadly a t  higher  frequencies.  The loca t ion  of t h i s  high frequency peak is r e l a t e d  
t o  flow ve loc i ty ,  higher  f requencies  being assoc ia ted  with higher  ve loc i t i e s .  

Since the  tes t  area is  r e l a t i v e l y  close to  the  f r e e  j e t  mixing region and t h u s  
i n  i ts  near acous t i c  f i e l d ,  and the  e f f e c t s  of j e t  ve loc i ty  on the  f r e e  j e t  noise  can 
be expected to  vary considerably depending on measuring loca t ion .  Thus, the  da ta  of 
f i g u r e  4 are only examples and do not  necessar i ly  apply t o  o ther  loca t ions  i n  the  
test area. If  signal-to-noise ratio is of concern, the  experimenter should check the  
background noise  a t  each measurement locat ion,  f o r  each test nozzle, and f o r  each 
nozzle e x i t  ve loc i ty .  

The flow from the f r e e  j e t  i s sues  v e r t i c a l l y  from a 1.21-m (4 - f t )  diameter cir- 
cu la r  nozzle a t  f l o o r  leve l .  The maximum ve loc i ty  i n  t h i s  c i r c u l a r  nozzle is  
36.6 m/sec (120 f t / s e c ) .  Several smaller test nozzles with rectangular  e x i t s  can be 
adapted t o  the  1 -21-m-diameter nozzle t o  increase  the  flow speed f o r  t e s t ing .  An 
example tes t  nozzle has  a 30 c m  x 45 c m  ( 1  f t  x 1.5 f t )  e x i t  f o r  which the  maximum 
ve loc i ty  i n  the  p o t e n t i a l  core region of t he  f r e e  j e t  is about 76 m/sec (250 f t / s e c ) .  
The area cont rac t ion  r a t i o  of t h i s  nozzle is  about 130. The associated mean ve loc i ty  
and root-mean-square turbulence p r o f i l e s  a r e  shown i n  f i g u r e s  5 and 6. 

Figure 5.- Velocity and root-mean-square turbulence p r o f i l e s  near the  e x i t  
of t he  30 c m  x 45 c m  (1 f t  x 1.5 f t )  rec tangular  nozzle of the  l o w  
pressure a i r  system. Maximum flow ve loc i ty  Uo of 71 m / s e c  (233 f t / s e c ) .  
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Figure 6. - Root-mean-square turbulence l e v e l s  on the  nozzle c e n t e r l i n e  
a s  a funct ion of he igh t  above the  plane of the  nozzle. 

The square data poin ts  of f i g u r e  5 i nd ica t e  the  mean ve loc i ty  profile measured 5 c m  
( 2  in . )  from the  nozzle e x i t .  In the  region of the p o t e n t i a l  core  and away from the 
inf luence  of t he  nozzle boundary layer ,  the  ve loc i ty  is uniform. Turbulence l eve l s ,  
represented by the c i r c u l a r  data poin ts ,  a r e  a maximum i n  the high-velocity-gradient 
region around the  periphery of the  j e t  and are a minimum i n  t h e  p o t e n t i a l  core. 
These f luc tua t ing  v e l o c i t i e s  i n  the p o t e n t i a l  core  are about 0.05 percent  of t h e  
free-stream ve loc i ty  and are l a rge ly  dominated by the  l o w  frequency components. 
Figure 6 shows turbulence l e v e l s  measured on the nozzle c e n t e r l i n e  a t  various d i s -  
tances  from the  plane of the  nozzle f o r  a maximum flow ve loc i ty  of 71 m/sec 
(233 f t / s e c ) .  Turbulence l eve l s  increase  with d is tance .  

With adapters ,  o the r  t e s t  nozzle s i z e s  and shapes can be tested, including cir- 
cu la r  e x i t s  0.45 m (1.5 f t )  and 1.21 m (4 f t )  i n  diameter.  

Eductor system.- The eductor system f o r  e x i t i n g  a i r  t o  the  atmosphere terminates  
i n  a l ined  duc t  with s p l i t t e r s  which are designed t o  l i m i t  both the noise  t h a t  is  
rad ia ted  to  the  outs ide  from the tes t  area and the  background noise  i n  the  t es t  area. 
The components of background noise  due t o  the  air  blower, t he  i n t e r a c t i o n  of the  flow 
with the ducting, and the  noise  i n  o ther  p a r t s  of the  bui ld ing  are all minimal. The 
background noise  is f requent ly  es tab l i shed  by the noise  coming through fhe eductor  
system from ou t s ide  the bui lding,  p a r t i c u l a r l y  from over f ly ing  a i rp lanes .  Another 
source of ambient noise  is  the  i n t e r a c t i o n  of the  f r e e  j e t  exhaust flow w i t h  the  
eductor elements which are sharp-edged s p l i t t e r s .  This noise  is expected t o  be the  
g r e a t e s t  when the test  model d e f l e c t s  the  f r e e  stream from its nominal v e r t i c a l  
d i rec t ion .  
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High Pressure Air System 

sor ,  
ti on 
ning 

The main components of t he  high pressure a i r  system are the cen t r i fuga l  compres- 
t he  noise con t ro l  plenum, the  acous t i ca l ly  t r e a t e d  duct  system, the reverbera- 
room, the duct  test area including the  duc t  propagation test area and t h e  spin-  
mode synthesizer ,  the  anechoic tes t  area, and the  eductor system. These are 

shown schematically i n  f igu res  7 and 8 and described i n  the following sec t ion .  One 
of the  s i g n i f i c a n t  f ea tu re s  of the  high pressure a i r  system is t h a t  it can be config- 
ured t o  produce flow i n  e i t h e r  d i r ec t ion  i n  the tes t  area. 

.- Air is provided by a 1100-kW (1500-hp) c e n t r i f u g a l  
compressor. It is driven by an  electric motor through a magnetic c lu tch  t o  provide 
vern ier  speed control .  Interchangeable piping f i x t u r e s  provide f o r  a i r  t o  be forced 
i n  e i t h e r  d i r ec t ion  i n  the test areas. When operat ing i n  the compression mode, t h a t  
i s  when the flow is expelled i n t o  the anechoic room from the  test duct,  the  compres- 
sor  is capable of de l iver ing  20.8 m3/sec (44 000 ft3/min) aga ins t  a pressure d i f -  
f e r en t i a l  of 3.6 m (142 in . )  of water (35.9 kPa (5.2 p s i ) ) .  In the  compression mode, 
the compressor provides flow v e l o c i t i e s  up t o  210 m/sec (700 f t / s e c )  i n  the duct test 
area. When operat ing i n  t h e  exhausting mode, t h a t  is when the  flow i s  induced i n t o  
the tes t  duct from the anechoic room, the compressor is capable of de l iver ing  about 
17.0 m3/sec (36 000 ft3/min) aga ins t  a pressure d i f f e r e n t i a l  of 2.90 m (1 14  i n .  of 
water (28.3 kPa (4.1 p s i )  1. In the exhausting mode, the  compressor and ducting pro- 
vide flow v e l o c i t i e s  up t o  aerodynamic choking, f o r  cons t r i c t ions  t o  about half  

Bypass system 

Noise control plenum 

Convergent section 

Reverberation 

Figure 7.- Schematic of the  high pressure air  system of the  q u i e t  flow 
f a c i l i t y  operat ing i n  the  compression mode. I n s e t  photograph shows 
a se tup  f o r  acous t ic  tests on flow-excited c a v i t i e s .  
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Figure 8.- Schematic of the  high pressure a i r  system of the  q u i e t  flow 
f a c i l i t y  operat ing i n  the  exhausting mode. I n s e t  photograph shows a 
skewed i n l e t  mounted f o r  acous t ic  tests. 

the normal c ross -sec t iona l  a rea  i n  the  duct test area. Figure 9 is  a performance map 
f o r  the  normal opera t ing  range of the  compressor. 

Noise con t ro l  plenum and ducts.- The noise con t ro l  plenum, at tached t o  the  com- 
pressor ,  is designed t o  minimize the  compressor noise  t h a t  would otherwise propagate 
toward the duc t  test area (see f i g s .  7 and 8).  The plenum sur faces  are covered with 
10-cm (4-in.) th ick  f i b e r g l a s s  blankets  t o  provide acous t i c  absorption, The acous t i c  
performance of the  plenum l i n i n g  is enhanced by vanes and ducting which d e f l e c t  the  
incoming flow through s i x  90° tu rns  before it e x i t s  a t  t h e  o the r  s i d e  of the  plenum. 

Adjacent t o  the  plenum is a l ined  (5-cm (2-in.) th ick  f i b e r g l a s s )  duct  contain- 
i n g  three sets of f l o w  s p l i t t e r s .  As previously noted f o r  the l o w  pressure a i r  sys- 
t e m ,  the combined performance of the  l ined  ducts and plenum e f f e c t i v e l y  e l imina te  
compressor noise  and c o n t r o l  plenum noise  i n  the  test areas, regard less  of the  d i rec-  
t i on  of a i r f low i n  the duc ts ,  
( 2 0  f t / s e c )  also e f f e c t i v e l y  cont ro ls  the  aerodynamic scrubbing noise  t h a t  would 
otherwise propagate along the duct  toward the test  areas. 

Limiting a i r f low v e l o c i t i e s  t o  a maximum of 6 m / s e c  

8 
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Figure 9.- Performance map f o r  the  1100-kW (1500-hp) c e n t r i f u g a l  compressor of 
the  high pressure a i r  system. 

Duct propagation test area.- Adjacent t o  the  anechoic room is a 0.3-m ( I - f t )  
diameter c i r c u l a r  s ec t ion  of ducting, por t ions  of which can be replaced with spe- 
c i a l l y  instrumented sec t ions .  Provisions are made f o r  probe microphone measurements 
i n  both the c i rcumferent ia l  and the  r a d i a l  d i r ec t ion ,  to  measure propagation of sound 
i n  the  same d i r e c t i o n  as the  flow o r  i n  the  opposi te  d i r ec t ion ,  with and without 
acous t ic  treatments i n  the duct. 

Operation i n  the  compression mode s i m u l a t e s  condi t ions  when sound propagation 
and flow are i n  the same d i r ec t ion ,  as i n  the  discharge ducts  of a fan engine. In 
t h i s  mode, v e l o c i t i e s  range up to  210 m/sec (700 f t / s e c ) .  Operation i n  the  exhaust- 
ing mode s imulates  condi t ions when sound propagation and flow are i n  opposite d i rec-  
t i ons ,  as i n  an engine i n l e t .  In  t h i s  mode, v e l o c i t i e s  range up t o  aerodynamic 
choking. 

"he acous t i c  s igna l s  used f o r  test purposes are provided by the  spinning mode 
synthesizer ,  described i n  a subsequent s ec t ion  of t h i s  paper. The synthes izer  is  a 
computer-controlled device that generates  within t h e  duc t  sound f i e l d s  t h a t  have the  
s i g n i f i c a n t  f ea tu re s  of those a r i s i n g  from turbomachinery components of j e t  engines. 

Anechoic chamber.- The anechoic chamber, which serves  as the  termination of the  
test  duct, can be used f o r  measurements of the sound r ad ia t ion  e i t h e r  from simulated 
exhaust ducts  o r  from i n l e t s ,  depending on t h e  flow d i r ec t ion .  The construct ion,  
general  layout,  and s i g n i f i c a n t  design f ea tu res  w e r e  descr ibed previously i n  the  
d iscuss ion  of t he  anechoic test area of the  low pressure  a i r  system. 
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Eductor and inductor  system.- When the system opera tes  i n  the compression mode, 
the eductor shown schematical ly  i n  f i g u r e  7 c o l l e c t s  the  exhaust flow from the  high 
pressure  nozzle e x i t  and provides an  escape t o  the  atmosphere through an acous t i ca l ly  
treated duct. The same system serves  an an inductor  ( f i g .  8) when the high pressure  
a i r  system operates i n  the exhausting mode. 

Reverberation room.- "he reverberat ion room ind ica t ed  by dashed l i n e s  i n  f ig-  
ure 7 can be used as an independent f a c i l i t y  as descr ibed i n  reference 1 o r  as an 
i n t e g r a l  p a r t  of the  high pressure a i r  system. Model subsonic j e t  nozzles and sup- 
pression devices from 5 to  30 c m  ( 2  t o  12  in.)  i n  diameter can be operated i n  a 
reverberant  environment. A bypass valving system (see f ig .  7) provides an o u t l e t  t o  
the atmosphere f o r  excess a i r  from the compressor during small nozzle operat ion,  and 
thus a l l o w s  f o r  p rec i se  c o n t r o l  of the  model nozzle flows. 

Model Air Supply System 

The model a i r  supply system is represented by the  schematic i n  f i g u r e  IO. Air 
a t  pressures  up to  1030 kPa (150 p s i g )  and a t  flow rates from 0.23 t o  2.72 kg/sec 
(0.5 t o  6.0 lb / sec)  is  suppl ied through appropriate  piping and valving t o  three 
research areas of the  q u i e t  flow f a c i l i t y ,  namely, t o  the duct  tes t  area ( f i g .  71, t o  
the  e x i t  plenum beside the  anechoic chamber ( f i g .  I ) ,  and t o  the  anechoic chamber 
( f i g .  3) .  This a i r  is ava i l ab le  f o r  operat ion of model j e t  exhausts and f o r  pneu- 
matic ac tua t ion  and con t ro l  of o ther  research models. The model a i r  system can be 
used w i t h  the  low pressure  a i r  system, the high pressure  a i r  system, or the  spinning 
mode synthesizer .  

Anechoic 
chamber 

1030-kPa (15o-psi) a i r  supply 

I 

\ 

Anechoic 
chamber 

1030-kPa (15o-psi) a i r  supply 

I 

\ 
U 

Filter 

da Isolation valve 

& Control valve 

&3 Relief valve 

Figure 10.- Schematic of the  model a i r  supply 
flow f a c i l i t y .  

Spinning Mode Synthesizer 

system i n  the  q u i e t  

The spinning mode synthes izer  is  designed t o  opera te  with the  high pressure  a i r  
system t o  produce, under c lose  cont ro l ,  a r b i t r a r y  sound f i e l d s  i n  the  duc t  test area. 
The device, shown i n  the schematic of f igu re  11 and the  photograph of f i g u r e  12, 
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Control 
computer 

Inlet/exhaust 
Acoustic duct liner 

Test section 

Vibration break 
test a r ea  

Figure 11.- Schematic of spinning mode synthesizer .  

L-77-2148.1 
Figure 12.- Photograph of spinning mode synthesizer .  
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supports research i n t o  con t ro l  of noise  generated by r o t a t i n g  blade machinery of j e t  
engines. This research includes s t u d i e s  of-sound propagation i n  the same d i r e c t i o n  
as the  flow, as i n  the  case of fan bypass ducts ,  and s t u d i e s  of sou'nd propagation i n  
the  d i r ec t ion  opposi te  t o  the  flow, as i n  the  case of i n l e t s .  Acoustic measurements 
i n  ducts  with and without acous t i c  l i n e r s  and f r e e  f i e l d  noise  r ad ia t ion  measurements 
can be made. By con t ro l l i ng  the amplitude and phase of 24 acous t ic  d r ive r s  located 
around the  test duc t  i n  a plane perpendicular t o  the  c e n t e r l i n e  (see f ig .  11) a 
researcher  can generate  spec i f i ed  acdus t ic  modes. The acous t i c  s igna l s  are monitored 
by a per iphera l  a r r a y  of 48 wall-mounted microphones as a means of shaping the  sound 
f i e l d .  The measured s igna l s  are compared w i t h  the  des i red  ones by a con t ro l  computer 
which then generates  cor rec t ions  to  t h e  d r i v e r  inputs .  In t h i s  way, t he  acous t i c  
pressure f i e l d  is converged t o  within some accuracy des i red  by the  researcher .  Sound 
generated by e l e c t r o n i c  means i s  independent of any aerodynamic inhomogeneities which 
would a f f e c t  the  aerodynamic sound generat ion processes.  The propagation of t he  
s igna l s  can, however, be a f f ec t ed  by flow dis turbances,  and thus the  flow pa t t e rns  
must be c a r e f u l l y  ca l ib ra t ed  t o  i n t e r p r e t  the  acous t ic  measurements properly.  
Examples of the  types of c a l i b r a t i o n s  t h a t  have been made are given i n  reference 2. 
Included a r e  a x i a l ,  r a d i a l ,  and c i rcumferent ia l  ve loc i ty  p r o f i l e s  a t  various loca- 
t i o n s  i n  the  duc t  t es t  area and f o r  a range of i n l e t  flow Mach numbers. 

Spec i f ic  research supported by the spinning mode synthes izer  includes t h e  
e f f e c t s  of i n l e t  geometry on noise  r ad ia t ion  p a t t e r n s  and the  e f f e c t s  of acous t i c  
l i n e r  design and ve loc i ty  grad ien ts  on the  propagation of sound i n  flow ducts.  

LANGLEY ANECHOIC NOISE FACILITY 

The Langley Anechoic Noise Fac i l i t y ,  located i n  Building 1 2 1 8 A ,  cons i s t s  of a n  
anechoic room i n  which j e t  noise  experiments, compressor and f an  noise  experiments, 
and duct propagation experiments can be conducted. An a i r  supply system f o r  model 
j e t  operat ion and an a i r  induct ion,and exhaust system required f o r  operat ion of a 
research compressor are provided. A schematic of the  system layout  with the  main 
components i d e n t i f i e d  is  given i n  f i g u r e  13. Each of the  system components is 
described i n  the following sec t ions  along with its opera t ing  c h a r a c t e r i s t i c s  and 
p o t e n t i a l  f o r  research. 

T e s t  Area 

The test area is  an anechoic chamber having wedges 91.5 c m  (3  f t )  deep on t h e  
w a l l s ,  f l o o r ,  and ce i l i ng .  The wedges are placed d i r e c t l y  on the f l o o r  and are mov- 
ab le ,  whereas on the  w a l l s  and c e i l i n g ,  they are i n s t a l l e d  permanently over a 15-cm 
(6-in.) a i r  space. T h i s  type of treatment absorbs a t  least  99 percent  of i nc iden t  
sound i n  the  frequency range above about 100 Hz. 
( 1 7 700-f t ) test area within the  wedge t i p s  are approximately 8.4 m x 8.2 m x 7.3 m 
(27.5 f t  x 27 f t  x 24 f t ) .  For j e t  noise  d i r e c t i v i t y  s t u d i e s ,  a microphone boom 
allows measurements up t o  5 m (16 f t )  from the  j e t  over an arc of about 135O. Access 
f o r  heavy equipment is provided a t  ground leve l .  Floor level en t ry  and model s e tup  
are f a c i l i t a t e d  by f i r s t  removing and then repos i t ion ing  the  f l o o r  wedges. 

The dimensions of the  500-m3 
3 
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c 
c II Eductor/inductor 

Muffler and plenum 

Figure 13.- Ver t i ca l  s ec t ion  view of the  tes t  area of the  Langley Anechoic 
Noise Fac i l i t y .  I n s e t  photograph shows je t  nozzle t e s t  setup.  

Model Air Supply 

The model a i r  system has the  capac i ty  t o  supply dry  a i r  a t  pressures  up t o  
1758 kPa (255 ps ig )  , the  l i m i t  of the  muffler system, and a t  flow rates up t o  
4.54 kg/sec ( I O  lb / sec)  t o  research nozzles.  Appropriate con t ro l  valves,  muff lers ,  
and a s e t t l i n g  chamber are provided to  ensure q u i e t  a i r f low f o r  j e t  nozzle experi-  
ments. Gases o ther  than air  can be used. 

Eductor and Inductor System 

An eductor and inductor  system on the  roof provides f o r  the  passage of a i r  i n  o r  
o u t  of the  test area and f o r  t he  discharge of exhaust gases.  A reverse  flow passage 
with acous t ic  l i n i n g  minimizes noise  escaping t o  the  outs ide  from tests i n s i d e  as 
w e l l  as outs ide  ambient noises  propagating i n t o  the  t es t  area. Two-way louvers  are 
open during a i r f low condi t ions but  are otherwise closed. The duct  c ross -sec t iona l  
areas are s i zed  t o  accommodate the  exhausting of up t o  11.32 kg/sec (25 lb / sec)  of 
air  from tes t  nozzles o r  the  inges t ion  of up t o  11.32 kg/sec of a i r  by the  research  
compressor. 

Research Compressor 

The research compressor, which is cu r ren t ly  i n  "mothball" s t a t u s ,  is shown i n  
the  plan-view schematic of f i g u r e  14. It includes a bellmouth i n l e t ,  a downstream 
r a d i a l  d i f f u s e r ,  and back-pressure con t ro l  valves (no t  shown i n  the  f i g u r e )  f o r  
ad jus t ing  the  o v e r a l l  pressure r a t i o .  The compressor is dr iven by a 2237-kW 
(3000-hp) variable-speed (up t o  6600 rpm) electric motor through a 4 t o  1 speed 
increaser .  The a i r  f o r  t he  compressor is brought i n t o  the  test chamber through the  
acous t i ca l ly  t r e a t e d  inductor  i n  the  chamber c e i l i n g  and i s  discharged from the  
r a d i a l  d i f f u s e r  through an acous t i ca l ly  t r ea t ed  exhaust s t ack  t o  the  roof. 
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and temperature probes 
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Figure 14.- Schematic of resea tch  compressor i n s t a l l a t i o n  i n  t he  anechoic 
noise  f a c i l i t y .  I n s e t  sketch shows s e c t i o n a l  view of research compressor. 
The photograph shows the  f i r s t - ,  second-, and third-s tage rotors, from l e f t  
t o  r i g h t .  

The compressor i s  an axial-flow machine having a design a i r f low of 11.32 kg/sec 
(25 lb / sec)  a t  a pressure r a t i o  of 3. It has three  r o t o r  s t ages  designed f o r  t ran-  
son ic  operat ion with a design cor rec ted  r o t a t i o n a l  speed of 24 850 rpm and a maximum 
power absorption of 1752 kW (2350 hp).  It operates  as a one-, two-, o r  three-stage 
machine with a design r a t ed  e f f i c i ency  of 82 percent. The ro to r  blades have double 
c i rcu lar -a rc  a i r f o i l  s ec t ions  having roo t  and t i p  diameters of 152.4 and 304.8 mm 
(6  and 1 2  i n . ) ,  respec t ive ly ,  a t  the  entrance to  the  f i r s t - s t a g e  ro tor .  There are 
23 blades i n  the  f i r s t - s t a g e  r o t o r ,  31 blades i n  the  second-stage ro to r ,  and 
47 blades i n  the  third-s tage r o t o r  (see i n s e t  photograph i n  f i g .  1 4 ) .  The number of 
blades i n  each ro to r  can be increased by 30 percent  or decreased by 10 percent .  
Likewise, there  are 30 vanes i n  the  f i r s t - s t a g e  s t a t o r ,  48 vanes i n  the  second-stage 
stator,  and 68 vanes i n  the third-s tage s ta tor ,  with provis ions f o r  increas ing  the  
number of vanes i n  each s ta tor  by 10 percent  and 30 percent  o r  decreasing the  number 
i n  each stator by 5 percent  and 10 percent.  Guide vanes can be located a t  a x i a l  
d i s tances  from 1 / 2  t o  5 mean guide vane chords ahead of the  rotor. 
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LANGLEY JET-NOISE LABORATORY 

The main components of the  Langley Jet-Noise Laboratory apparatus,  located i n  
Building 1221, are an a i r  system capable of supplying the  required flow f o r  super- 
sonic  nozzles up t o  5 c m  (2  in . )  i n  diameter i n  each of two airstreams (6-cm 
(2.5-in.) diameter f o r  s i n g l e  nozzle operat ion with i n t e r i o r  p lug) ,  dua l  electric 
hea ter  un i t s ,  a test area, eductor and inductor  systems, and a s m a l l  anechoic cali- 
b ra t ion  chamber. Research a c t i v i t i e s  include bas ic  s t u d i e s  of the r e l a t ionsh ips  
between the r ad ia t ed  noise  and the  la rge  scale flow s t r u c t u r e s  i n  both subsonic and 
supersonic  jets. Shock s t r u c t u r e  con t ro l  is a l s o  under study. Since small changes 
i n  aerodynamic condi t ions can r e s u l t  i n  la rge  changes i n  noise,  measurement of t i m e  
dependent flow q u a n t i t i e s  f o r  c o r r e l a t i o n  with acous t i c  da t a  is  emphasized. 

Both manual and computer methods are ava i l ab le  f o r  independent, continuous con- 
t r o l  of a i r  pressure  (wi th in  f1.4 kPa (0.2 p s i ) )  and temperature (wi th in  f l l ° C  
(20OF)) i n  each of the t w o  airstreams. The accuracies  can be improved f o r  s h o r t  
per iods of t i m e  by means of computer methods. 

Model Air Supply System 

Schematics of the a i r  supply system f o r  the  Langley Jet-Noise Laboratory are 
shown i n  f igu res  15 and 16. Air is  supplied from a 4140-kPa (600-psig) c e n t r a l  a i r  
system t o  the  f a c i l i t y ,  where the  working pressure i s  l imi t ed  to  1172 kPa (170 ps ig )  . 
The model a i r  system can supply dry a i r  a t  pressures  up t o  1030 kPa and a t  flow r a t e s  
of 4.54 kg/sec ( I O  lb/sec) t o  both airstreams of coannular j e t  nozzles. Each a i r -  
stream has two s t ages  of e l e c t r i c a l  r e s i s t ance  hea te r s ,  each s t age  having a 315 kV-A 
capaci ty .  The hea te r s  a t  f u l l  power can hea t  air  i n  each airstream t o  538OC (lOOO°F) 
with a maximum f l o w  rate of 0.91 kg/sec ( 2  l b / sec ) .  Higher mass flow rates r e s u l t  i n  
lower maximum temperatures. 

4140-kPa (600-psi) air supply Coannular nozzle 
Thrust stand 

Figure 15.- Plan-view sketch of the  j e t  noise  laboratory 
and supporting equipment. 
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i Heated air 

Figure 16.- Section view of the  heated a i r  systems f o r  the  coannular j e t  
noise  apparatus.  I n s e t  photograph shows nozzle hardware. 

Educ t p r  and Inductor Sys t e m  

The exhaust a i r  from the  je ts  is d i r ec t ed  toward a c o l l e c t o r  and then flows up 
through an acous t i ca l ly  t r e a t e d  eductor s tack t o  the  atmosphere (see f i g .  1 5 ) .  Dur- 
ing  normal operat ion of the  jets, a i r  i s  induced f r o m  ou ts ide  through the  inductor  
system i n t o  the test area. The inductor  is designed so tha t  the  incoming a i r  passes 
through acous t i ca l ly  treated vanes and a l i g h t  t r a p  t o  minimize transmission of t es t  
area noise t o  the outs ide  and t o  minimize transmission of ambient noise  and sun l igh t  
i n t o  the test area. 

T e s t  Area 

The test  area is approximately 8 m (26 f t )  w i d e  by 30 m (100 f t )  long by 7 m 
(23  f t )  high. The i n t e r i o r  sur faces  except f o r  the  f l o o r  are covered with 5-cm 
(2-in.) th ick  f i b e r g l a s s  b a t t s .  Acoustically absorbent  f l o o r  covering b lankets  can 
be moved i n t o  p lace  f o r  acous t ic  measurements. Hard-wired connections are provided 
t o  the  instrumentat ion and con t ro l  room which is  remotely located.  On-site equipment 
provides computerized con t ro l  of experiments and processing of data .  
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Anechoic Cal ibra t ion  Chamber 

A r e l a t i v e l y  s m a l l  p re fabr ica ted  anechoic room is  loca ted  near the  test area f o r  
c a l i b r a t i o n  of microphones and assoc ia ted  instrumentat ion (see f ig .  17). It has 
60.9-cm ( 2 - f t )  deep f i b e r g l a s s  wedges on the  w a l l s ,  c e i l i n g ,  and f l o o r  g 
nominal cu tof f  frequency of 150 Hz. Test area dimensions from wedge t i p  to  wedge t i p  
are about 3.86 m X 3.25 m x 2.52 m (12.7 f t  x 10.7 f t  x 8.3 f t ) .  Cal ibra t ion  i n d i -  
cates c lose  adherence t o  inverse  square l a w  behavior, a f t e r  cor rec t ion  f o r  atmo- 
spher ic  absorpt ion,  a t  f requencies  from about 200 Hz t o  50 000 Hz. A c c e s s  is  a t  
f l o o r  leve l ,  and f l o o r  wedges are moved a s ide  to  provide a work area f o r  i n s t a l l a t i o n  
of models and equipment. 

L- 78- 3009 
Figure 17.- I n t e r i o r  of small anechoic room used pr imar i ly  f o r  c a l i b r a t i o n  

of microphones and assoc ia ted  equipment. 

FLOW IMPEDANCE TEST LABORATORY 

The flow impedance tes t  laboratory,  located i n  Building 1287, provides the  capa- 
b i l i t y  f o r  t e s t i n g  the acous t i c  performance of duct  l i n i n g  materials i n  an aeroacous- 
t i c  enviroment (see re f .  3 ) .  The main components of the  apparatus are the  a i r  and 
vacuum systems, the  acoustic source,  the  test  sec t ion  including the branch tube, and 
the  termination sec t ion  (see f ig .  18).  
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Figure 18.- Plan-view sketch of grazing flow impedance apparatus.  
I n s e t  photograph shows test  sec t ion  area. 

A i r  Supply 

The flow through the  tes t  sec t ion  of the flow impedance test labora tory  is  con- 
t r o l l e d  by applying pressure t o  the  upstream s i d e  and a vacuum t o  the  downstream 
s ide .  By t h i s  means the  s ta t ic  and t o t a l  temperature and pressure  i n  the  duct  area 
can be con t ro l l ed  over a s m a l l  range about ambient condi t ions.  

Air is  furnished from a high pressure a i r  l i n e  through a pressure reduct ion 
system and a q u i e t  regulatory valve t o  the plenum over a pressure  range from 0 t o  
6890 kPa ( 0  to  100 p s i g )  . It is  then in j ec t ed  i n t o  the  flow channel through a 
perforated metal cy l inder  having a flow re s i s t ance  of 25 000 N-sec /m3  
(2500 cgs r a y l s ) .  By means of d i f f e r e n t i a l  pressure con t ro l ,  the  tes t  sec t ion  s t a t i c  
pressure i s  con t ro l l ab le  over a range of 101.3 kPa ( 1  atm) +_20 percent, and the  flow 
r a t e  is con t ro l l ab le  up t o  a maximum Mach number of about 0.40 i n  the  25.8-cm2 
(4-in2) tes t  sec t ion .  The a i r  then flows i n t o  the  termination sec t ion  where it is 
removed through porous l i n e r s  i n  the  termination channel by means of a vacuum pump 
and i s  exhausted to  the  atmosphere. 

Acoustic Source 

The source of the  acous t i c  test  s igna l s  is an a r r a y  of f i v e  60-watt d r ive r s  t h a t  
are operated i n  the  range from 100 t o  3500 I%. They are ganged together  and phased 
to  provide maximum e f f i c i ency  of coupling to  the tes t  sec t ion .  Inside the plenum, 
the  acous t ic  s i g n a l s  are superposed on the  a i r f low t o  provide a con t ro l l ed  aeroacous- 
t i c  environment i n  the test  sec t ion .  The maximum sound pressure l eve l s  a t t a i n a b l e  i n  
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t h e  test  sec t ion  are about 125 dB f o r  d i s c r e t e  frequency t e s t i n g ;  thus a good s igna l -  
to-noise r a t i o  is provided while nonl inear  propagation e f f e c t s  are avoided o r  mini- 
mized. There is  also provis ion f o r  t he  sound t o  propagate opposi te  to the  flow 
d i r e c t i o n  by coupling the d r i v e r s  to  the main channel downstream of the tes t  sec t ion .  

T e s t  Sect ion 

The main channel through which the  a i r  passes is  5.08 c m  ( 2  in . )  square i n  cross 
sec t ion  and about 3.66 m ( 1 2  f t )  long, with a w a l l  th ickness  of 2.54 c m  ( 1  in . ) .  A 
t r ave r s ing  boom f o r  t ranspor t ing  a probe microphone i s  mounted i n  an a i r t i g h t  s l o t  i n  
t h e  top  of the  main channel. A d i g i t a l  s tepping  motor under computer c o n t r o l  or a 
hand crank can be used to  pos i t i on  the  t r ave r s ing  boom over a 122-cm (48-in.) s e c t i o n  
of the  channel. Access openings (5.08 c m  square) are loca ted  on opposi te  s idewal l s  
of the  test  s e c t i o n  and a rectangular  opening (5.08 c m  x 40.64 c m  ( 2  i n .  x 16 i n . ) )  
is located on t h e  bottom for  i n s t a l l i n g  samples of materials f o r  grazing flow tests. 
A s i d e  branch tube can be a t tached  t o  the  s i d e  openings f o r  providing va r i ab le  reac- 
t i v e  impedance f o r  acous t i c  components having t h i n  f ace  shee ts .  In addi t ion ,  con- 
t r o l l e d  suc t ion  o r  blowing can be implemented t o  s tudy boundary layer  e f f e c t s .  

Acous t ic  Termination 

"he terminat ion channel is a 5.08-cm (2-in.) duc t  with 2.54-cm (1-in.) t h i c k  
s tee l  s t r i p s  on the  top and bottom and per fora ted  panels  on the  s ides .  S t r i p s  
5.08 c m  wide of re t iculated foam (dens i ty  of 0.089 g/cm3 (0.0032 lb / in3 ) )  are placed 
on the  outer  s i d e  of the  per fora ted  panels.  The dens i ty  of the  foam mate r i a l  is  
var ied by means of ad jus t ab le  screws t h a t  press  it a g a i n s t  the  per fora ted  panels .  

"he purpose of t he  acous t i c  terminat ion is t o  provide a cont ro l led  aeroacous t ic  
environment i n  the  t es t  sec t ion  by minimizing r e f l e c t i o n s  back i n t o  the tes t  sec t ion .  
TO reduce r e f l e c t i o n s  caused by the  sudden t r a n s i t i o n  from hard w a l l s  t o  s o f t  w a l l s  
a t  the end of the termination channel, a gradual t r a n s i t i o n  i s  provided by progres- 
s i v e l y  compressing the  foam mater ia l .  The more it is compressed the higher  the  
dens i ty  and the  g r e a t e r  i ts res i s tance .  

Supporting Equipment 

Two other  pieces  of apparatus are used i n  the  flow impedance test  labora tory  i n  
support ing r o l e s ,  namely the  no-flow impedance tube and t h e  flow re s i s t ance  appara- 
tus.  The no-flow impedance tube i s  used t o  measure the  normal impedance of a sample 
of acous t i ca l  material by means of standard techniques f o r  analyzing s tanding wave 
pa t t e rns  within the  tube. The flow re s i s t ance  apparatus is used to  measure the  
r e s i s t ance  t o  a i r f low through a sample of material i n  order  t o  cha rac t e r i ze  some of 
its p rope r t i e s  which are s i g n i f i c a n t  f o r  sound absorpt ion.  

No-f low impedance tube .- The no-f l o w  impedance tube is  a widely accepted i n s  t ru-  
ment f o r  s tandardized measurement of acous t i c  impedance of materials. A schematic of 
t h e  apparatus is shown i n  f i g u r e  19. The main components are a movable p i s ton  termi- 
nat ion,  an acoustic d r ive r ,  two probe microphones, and a main tube i n t o  which t h e  
t es t  specimen is placed. 

19 



Figure 19.- Schematic of no-flow impedance tube and 
assoc ia ted  instrumentat ion.  

Flow r e s i s t a n c e  apparatus.- One of the  q u a n t i t i e s  t ha t  b e s t  charac te r izes  the  
acous t i ca l  behavior of a material is i t s  flow re s i s t ance .  This is the r e s i s t ance  t o  
continuous a i r f low es t ab l i shed  by a pressure  d i f f e r e n t i a l  across a sample specimen. 
The main components of the  system required t o  make such measurements are shown i n  t h e  
schematic of f i g u r e  20. They c o n s i s t  of a tube f o r  mounting the  tes t  sample, a sys- 
t e m  for causing a i r  t o  flow a t  a uniform rate through the  sample, and a means f o r  
measuring the  pressure  drop across. the  sample and the  volume flow through it ( see  
r e f .  4, pp. 844-854). 

Air 

Flow control Laminar flowmeter 

Transducers 

atmosphere 

Figure 20.- Schematic of flow re s i s t ance  measurement device. 
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